The theoretical framework behind family-centered developmentally supportive care is endorsed by research from several scientific fields such as neuroscience, developmental and family psychology, medicine and nursing. The most developed and well-studied form of developmental care is the newborn individualized care and assessment program (NIDCAP). This program has been shown to reduce stress and pain behaviors, physiologic stress response and decrease the use of sedatives and opioids. In addition, NIDCAP has positive effects on pulmonary morbidity, brain lesions and costs in the newborn period. In the longer term, the program is also reported to improve cognitive outcome and behavior in former very low-birth weight infants. The introduction of NIDCAP is not a trivial process but involves a considerable investment at all levels of the organization. NIDCAP requires some physical changes in the neonatal intensive care unit as well as substantial educational efforts and changes in the practice of care. The findings of the presented NIDCAP studies are encouraging and, equally important, is attractive from an ethical and humane perspective.
Introduction
The mortality among infants prematurely born has dramatically decreased during the last decades in developed countries. The survival of very low-birth weight (VLBW) infants (<1500 g) has increased from 50 1 to more than 85% 2 since the initiation of neonatal intensive care in the early 1970s. Interestingly, a concomitant decrease in morbidity has not yet been conclusively shown to take place. The awareness of the experience of pain and stress of infants in our nurseries has become more widely spread and it has been postulated that pain and stress can contribute to pulmonary morbidity, neurodevelopment and behavioral adverse outcome, which are still issues of major concern. 3, 4 Not too long ago, newborn term infants were not thought to experience pain and could undergo surgery without analgesia. However, it was recently demonstrated that even prematurely born infants possess pain sensations on a cortical level (i.e., they conciously experience pain). 5 Although we have experienced great advances in the pharmacological treatment of stress and pain in infants, concerns regarding short-and long-term serious adverse effects have been raised. Thus, caution is recommended in the general use of opioids for premature infants 6 and there is increasing interest in less potent drugs, such as sucrose, glucose and breast milk. Consequently, a recent Cochrane review 7 concluded that neonates undergoing single painful procedure should be provided either breastfeeding or supplemental breast milk for analgesia. Glucose or sucrose should be considered if breastfeeding or supplemental breast milk is not available or feasible. However, as repeated use of sucrose for procedural pain relief has been associated with worrisome adverse effects in VLBW infants, 8 its unreflective use cannot be recommended. Although unproven, breast milk may be an effective and safe alternative to sucrose in the case of repeated use. Moreover, the provision of breastfeeding or supplemental breast milk for painful procedures may further encourage mothers to breast feed their infants, facilitate bonding and provide psychological advantage for the mother in terms of her involvement in the care of her infant without additional cost to the health care system. 7 Family-centred developmentally supportive care must therefore play a much more active role in the research and clinical practice of neonatology. This review will provide an overview of the scientific context of family-centered developmentally supportive care, research findings, practical and research implications as well as ethical considerations.
Development of the brain
The fundamental objective of developmental care is to support the development of the child. Thus, brain development is one of the key issues in this context. Sensory input affects the wiring of neuronal networks and their mode of functioning as well as the behavior of the newborn. [9] [10] [11] [12] Infants born very prematurely may be over stimulated during a critical period when their brains are developing rapidly (Figure 1 ). In the germinal zone, neuronal multiplication and migration has largely been completed, whereas astrocytes are still being formed and subsequently migrating to upper cortical layers. Astrocytes destined for the white matter and the subcortical plate are derived from radial glial cells. During this same period, myelination begins and naturally occurring neuronal death via apoptosis is more frequent than at any other time. 13 Indeed, it has been calculated that up to 70% of the neurons in the human cortex undergo apoptosis between the 28th week of gestation and term age. Similarly, synaptogenesis is initiated along with the growth of dendritic and axonal arbors. The volume of the cortical gray matter normally increases fourfold from the 30th and 40th weeks of gestation. 15 In the macaque monkey, a maximum of as many as 40 000 new synapses are formed every second in the visual cortex alone. 16 This wiring of neuronal circuits is regulated by endogenous factors as well as by sensory input and experience. 16, 17 In light of this extraordinarily rapid development, it is not surprising that the brain might be negatively influenced by preterm birth in a manner which could become increasingly severe with time if the proliferation of stem or progenitor cells is affected. Magnetic resonance imaging (MRI) of 8-year-old children born prematurely has demonstrated the presence of pronounced (12-35%) regional reductions in brain volume. 18 The extent of this reduction was correlated most strongly not with perinatal risk factors such as hemorrhage and severity of illness or with demographic factors such as gender or the level of maternal education, but instead with the degree of prematurity per se.
Thus, the pain and discomfort caused by treatment and caregiving of VLBW infants during hospitalization is of considerable concern. These procedures make it difficult for such infants to experience undisturbed periods of restful sleep. For instance, during a 24-h period, it was observed that VLBW infants were handled on the average more than 200 times. 19 Furthermore, three of four hypoxemic episodes in preterm infants have been reported to be associated with caregiving itself 20 and their circulating levels of stress hormones increase in association with routine nursing procedures. 21 In the case of rodents, experience of pain during the neonatal period has been found to give rise to long-lasting enhancement of stress responses, 22 altered neural circuits, 23 learning deficits and behavioral changes. 24 Similarly, variations in maternal care have been shown to promote synaptogenesis, learning and memory 25 as well as to influence the expression of neuropeptide receptors related to normal gender-specific adult behavior. 26 
Family-centered care
Another key issue of developmental care is the importance of the role played by the family, as pointed out by Klaus and Kennell. 27 Consequently, family-centered care has been strongly emphasized. 28 Minde et al. 29 have shown that neonatal illness may have a lasting negative effect on parent-infant interactions.
VLBW infants are at high risk of receiving developmentally inadequate stimulation. 30 They are reported to demonstrate hypersensitivity to stimuli, greater difficulties in maintaining alertness and to require more help in order to regain stability, in comparison to full-term infants. [31] [32] [33] Preterm infants are also less responsive to interaction than full-term infants and demonstrate lower levels of signaling. The difficulties involved in observing and interpreting these weak signals render the children more unpredictable for their parents and other caregivers. 29 Developmental care -NIDCAP In an attempt to address these different issues, Als et al. 34 has developed an early intervention program, called the newborn individualized developmental care and assessment program (NIDCAP), in which the focus is placed on respect for the individuality of the very tiny human being and his/her family. This program is based on the concept of newborn competence, which is conceptualized as the degree of smoothness and modulation, regulation and differentiation of five different subsystems of functioning that are behaviorally observable: autonomic, motor, state regulatory or state organizational (ability to have well-defined sleep, awake, quiet and crying states), attentional/interactional and self-regulatory systems. The underlining concept is designated the Synactive Theory in order to emphasize the simultaneous maturation and mutual interplay of these different subsystems of behavior throughout development.
The major instrument employed in the NIDCAP is repeated, formalized, naturalistic observations of the infant before, during and after caregiving procedures (e.g., feeding and collection of blood samples). These observations focus on efforts at selfregulation, as revealed by approach or avoidance behavior. When the sensory input is appropriate, the infant will move toward the stimuli and demonstrate self-regulatory behavior, that is, signs of neurobiological stability. However, when the input is overwhelming because of too great an intensity or inappropriate timing, the infant exhibits avoidance or stress behavior. In this context, the agreement between evaluations made by different observers has been reported to be greater than 85%. 35 Moreover, these behavioral signs have recently been validated with a conventional pain assessment. 36 On the basis of such observations, current developmental goals for each infant are formulated. Caregiving plans, including recommendations concerning individualized care and environmental changes based on the current developmental stage of the infant and the needs of the family, are designed. As the infant matures, these recommendations are modified in an appropriate manner.
In addition, sensitive caregivers learn to watch carefully, note the reactions of the infant to different types of handling and care and make appropriate adjustments continuously. Moreover, NIDCAP is referred to as family-centered developmentally supportive care. The goal is to empower the family by helping them develop such care skills and techniques, thus including the family as partners in the healthcare team.
Scientific evidence
Up to this point, there have been four randomized controlled trials published on the effects on VLBW infants by a full implementation of NIDCAP. [37] [38] [39] [40] In the meta-analysis by Jacobs et al., 41 Jacobs et al. 41 also report a mean difference in the mental developmental index at 9-12 months of age of þ 16.6 (95% CI: 9.3; 23.8) in favor of the NIDCAP infants. In this meta-analysis, the longest follow-up period of a single study was two years of corrected age. 43 The mental indices in this study were in favor of the NIDCAP group but the difference was not statistically significant. However, this study was not dimensioned for the follow-up phase of the study and, thus the power of analysis was low. Furthermore, one-third of the original sample was lost at the assessment.
A report 39 from a 5-year follow-up of the Swedish RCT demonstrates a significant impact on the NIDCAP group only in the behavioral aspect of development, the odds ratio (OR) for surviving without abnormal behavior was 19.9 (95% CI 1.1->100). The corresponding OR for survival without mental retardation was 3.5 (0.7X100) and without overall disability 14.7 (0.8X100). There were no subjects lost in this follow-up but, as the original sample was quite small, the power was very low for detecting differences in this secondary outcome of the original study.
Three RCTs assessment of neurophysiological functions have been performed and all revealed significant differences in favor of NIDCAP intervention. 37, 44, 45 Interestingly, in the study on the more mature, low-risk infants, the largest differences were observed in the frontal lobe area, where neuronal organization occurs relatively late. Moreover, employing quantitative 3D-MRI techniques and diffusion tensor imaging the brain at term age in the most recent study, beneficial structural changes in the NIDCAP infants compared with a control group in tissue distributions as well as in microstructural development of the white matter could be demonstrated. 45 Recently, a group from Edmonton presented preliminary shortterm outcome from a large NIDCAP RCT on VLBW infants, which confirms the findings of significantly less mechanical ventilation, lower incidence of chronic lung disease, shorter hospitalization and improved mental development from the earlier smaller trials. 46 Sizun et al. 47, 48 demonstrated decreased behavioral pain response and fewer hypoxic events during a routine nursing procedure in medical stable preterm infants. Bertelle et al. 48 also reported increased duration of sleep by NIDCAP. 49 Others have demonstrated less use of sedatives and opioids by implementing NIDCAP.
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Discussion
NIDCAP is a multidisciplinary process involving not only medicine and nursing, but also developmental, family and organizational psychology. This holistic view of neonatal care has shown to be an important means of reducing stressful and painful experiences in neonates. The aim of family-centered developmentally supportive care is, above all, to alter the focus from the traditional task-or procedure-oriented strategy of care to processes and relationships, including increased involvement of the families. Obviously, such a philosophical or ideological goal is quite difficult to investigate scientifically employing conventional methods and, therefore, studies on NIDCAP performed to date have concentrated mainly on the postulated secondary effects on neonatal morbidity and developmental outcome. Even such limited evaluation of this highly complex program of intervention encounters a number of methodological problems.
One obvious obstacle in connection with larger studies is the shortage of certified NIDCAP practitioners, although this situation has improved considerably since the first study performed in the mid-1980s. In addition, because of the relatively low incidence of extreme prematurity, multicenter trials are necessary, but how can we control for other differences in clinical and nursing practices in the various nurseries? Considering the altruistic overall aim of NIDCAP, how can the issue of a control group be dealt with from an ethical point of view? Is there a commonly accepted definition of traditional/conventional care that will remain static during the relatively long time period required for a NIDCAP study? NIDCAP intervention cannot be performed 'blindly' and intervention typically lasts for months, creating a risk for a 'spillover' effect onto the control group. In a real life nursery of today, it is impossible to avoid having 'control' nurses take shifts in the NIDCAP room and vice versa. Moreover, parents share experiences with each other and actively seek knowledge designed to improve the treatment of their infant. In short, in studies of the present kind it is extremely difficult, indeed impossible, to achieve an infallible experimental design of the traditional sort.
The complexity of developmentally supportive care and its demand for comprehensive training has caused a certain amount of concern about its cost-effectiveness. 42 Achieving certification as an NIDCAP observer requires an investment of approximately $10 000 in training fees alone.
In a Swedish study, the total extra nursing time needed for 10 once-weekly observations of an infant born after 27 weeks of gestation corresponded to a cost of $1000. On the other hand, it was estimated that hospital charges were reduced by approximately $10 000 per infant, because of the reduced requirement of ventilatory assistance. 51 Other groups have reported that NIDCAP reduces costs by $4000-1 20 000 per infant, depending on his/her birth-weight and initial degree of illness. 37,38,52 -54 Interestingly, after having completed the large RCT in Edmonton it has been decided to train a large number of additional nurses and to implement NIDCAP throughout their services (Tyebkhan personal communication) and in Sweden, where the program was introduced in the early 1990s, approximately 75% of all nurseries, including all university sites, now have trained or people in training among its staff members.
A Swedish staff survey indicated that the 'environmental' changes made in the neonatal unit in connection with the implementation of NIDCAP are not in themselves sufficient to explain the improvement observed. 55 During periods without NIDCAP observations, we have observed an obvious decline in the quality of care. Thus, regular observations appear to be essential, although how often such observations need to be carried out remains to be determined.
Nevertheless, concerns have also been expressed that implementation of NIDCAP requires extra nursing time (in addition to the time spent with observations). However, it is our experience that NIDCAP increases the competence of both staff members and parents. Consequently, caregiving is adjusted specifically to the current medical and developmental status of the infant. It might be speculated that the caregivers become more skilled in detecting changes in the infant's status at an earlier stage, allowing prompt intervention and prevention of further deterioration. In this way, the infants become more physiologically stable and actually require less nursing time, which is in agreement with the findings of others. 54, 56 As described by Als and Gilkerson, 57 our experience is that successful implementation of developmentally supportive care requires full commitment from personnel at all levels in the unit. This approach model requires a flexible mind to assess continuously the infant's physiological and behavioral needs. In addition, it requires a flexible organization that allows the caregiver to adapt the caregiving to these needs. Thus, NIDCAP involves a highly coordinated approach to care, which crosses discipline and shifts boundaries. Caregiving becomes more processguided, rather than task-or procedure-oriented, which usually is the situation at present.
NIDCAP often requires a change in how people think and relate to one another, that is, the work becomes relationship-based. We have found this to be challenging to some people, especially to those whose identity is to a great extent linked to competence in the areas of science and technology. This complex process requires a considerable degree of maturity and courage between both the staff and the leadership of the unit. This certainly also applies to the agent of change, that is, the developmental specialist who needs to be supportive to people at all levels in the organization, from the patients to the director.
Implementation of developmental care in the hands of an unskilled person involves the potential risk of overemphasizing 'protection' of the infant, that is, forgetting the individualized portion of the program. NIDCAP should not be implemented without professional reflection, for example, by completely covering the incubator of an infant who is still unstable, thereby preventing necessary surveillance; by building a containing environment for the infant which is overly rigid and by overprotecting a stable, competent baby from visual, auditory and social stimuli, thus slowing down the development of its own ability to self-regulate and interact socially. Instead, intervention should be designed from the viewpoint of each individual infant, that is, by attempting to determine, in the light of all the factors including the infant's medical status, what is appropriate for this particular infant at this particular time.
Ethical aspects
The rapid development of advanced technology in neonatal medicine has been and will continue to be a fundamental condition for continuing the dramatic improvement of the care of infants born prematurely that has been seen during the last decades. Undeliberately, this progress has in many instances led to a conflict with the humane aspects of such care. Dr Levin 58 has addressed this problem in his call for a humane neonatal care initiative, in which he broadens the concept of the baby-friendly hospital initiative to encompass the ill and prematurely born babies. Like Dr Levin, we believe that focusing on respect for the very tiny and often fragile human being and his/her family is not only essential for the further improvement of medical care and developmental outcome, as discussed above, but is also important from a humane point of view.
As pointed out by several investigators, 59 -61 NIDCAP could be a very effective tool in pursuing the humane neonatal care initiative. The basis of family-centered developmentally supportive care is recognition that the newborn infant is a human being in his/her own right and to encourage caregivers to be guided by the current needs of the individual infant and its family. Care and intervention based on the infant's own behavior make good biological sense and, in addition, are attractive from an ethical point of view.
Conclusion
The theoretical framework behind family-centered developmentally supportive care is endorsed by research from several scientific fields such as neuroscience, developmental and family psychology, medicine, and nursing. The most developed and well-studied form of developmental care is NIDCAP. It has been shown to reduce stress and pain behaviors, physiologic stress response as well as the use of sedatives and opioids. In addition, NIDCAP is demonstrated to have positive effect on pulmonary morbidity, brain lesions and costs in the newborn period. In the longer perspective, it is also reported to improve cognitive outcome and behavior in former VLBW infants. However, the introduction of NIDCAP is not a trivial process, but involves a considerable investment at all levels of the organization. NIDCAP requires some physical changes in the neonatal intensive care unit as well as substantial educational efforts and changes in the practice of care. However, it is attractive from an ethical and humane perspective. The findings of the presented NIDCAP studies are encouraging and should inspire to warranted larger multicenter trials focusing on mechanistic studies and long-term cognitive outcome.
